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The transcription factor forkhead box P3 (FOXP3) has been identified as a marker of CD4 + CD25 + regulatory T cells and 
is a key determinant of their immunosuppressive functions. FOXP3 has indeed been shown to limit antitumor immune 
responses during tumor progression. In addition, by expressing FOXP3, tumor cells may evade effector T-cell responses. 



Strategies to Evade Effective 
Antitumor Responses 

Tumor progression results from a dis- 
rupted regulation of cell growth as well 
as from the failure of the host to mount 
an efficient antitumor immune response. 
Most human colorectal cancer (CRC) 
patients do not develop satisfactory anti- 
tumor immune responses, pointing to 
the existence of strategies whereby CRCs 
evade immune effectors. 1 CD4*CD25* 
regulatory T cells (Tregs) have been 
shown to be critical for the maintenance 
of immunologic tolerance. Moreover, 
the transcription factor forkhead box P3 
(FOXP3) has been identified not only as 
a key player in the immunosuppressive 
functions of Tregs but also as a definitive 
marker of CD4 + CD25 + Tregs. 2 Some sub- 
classes of Tregs exert immunosuppressive 
functions by producing cytokines such 
as interleukin (IL)-IO and transforming 
growth factor (5 (TGFFj). In vivo, Tregs 
have been shown to specifically block 
cytotoxic T-lymphocyte (CTL) func- 
tions through TGFfB signaling, stand- 
ing out as a crucial facet of the complex 
role of TGF(3 in cancer biology. Tregs 
can also suppress the activation and/or 
proliferation of T cells without produc- 
ing cytokines, via a mechanism that 
requires cell-to-cell contacts. 3 FOXP3 
confers Tregs with an immunosuppressive 



phenotype by enhancing their metabolic 
status and by improving cell survival. 
FOXP3 is able to repress the expression 
of specific cytokines by interacting with 
phosphodiesterase 3B, cGMP-inhibited 
(PDE3B) and the transcription factor 
NFkB, a key driver of inflammation. 4 In 
vitro, naturally occurring CD4 + CD25* 
Tregs as well as FOXP3 -transduced 
CD4* T cells inhibit the proliferation of 
naive T cells. 2 In vivo, a high density of 
tumor-infiltrating FOXP3* Tregs has been 
associated with poor disease outcome in 
patients affected by various solid tumors, 
including pancreatic cancer 5 and hepato- 
cellular carcinoma. 6 Taken together, these 
observations plead in favor of a substantial 
role of Tregs in oncogenesis and tumor 
progression, which may be related to their 
robust immunosuppressive functions. 

Another effective strategy for malig- 
nant cells to evade antitumor responses 
consists in the direct secretion of immu- 
nosuppressive factors such as IL-10 and 
TGF(3, a process that may be related 
to FOXP3 expression by cancer cells. 7 
Whether the expression of these cytokines 
truly provides tumors with the ability to 
evade immune responses remains to be 
elucidated. In vitro, FOXP3 expression by 
tumor cells has been correlated with the 
inhibition of T-cell proliferation, indicat- 
ing that cancer cells may share growth- 
suppressive effects with Tregs and that 



mimicking Tregs functions may represent 
a novel mechanism of immune evasion. 

Correlation between FOXP3 
Expression and Tumor 
Progression 

In various solid tumors, including ovar- 
ian and pancreatic cancer, a high density 
of tumor-infiltrating FOXP3 + Tregs has 
been linked with poor disease outcome. 5 
Conversely, no significant association 
between the absolute number of tumor- 
infiltrating FOXP3* T cells and prognosis 
was established in several studies involving 
CRC patients. In addition, some studies 
suggest that a high frequency of tumor- 
infiltrating FOXP3* Tregs may de facto 
be associated with a favorable, rather than 
a dismal, prognosis. 8 Recent clinical data 
have provided the first evidence in support 
of FOXP3 expression by multiple distinct 
cancer cells. 9 However, the biological sig- 
nificance of FOXP3 expression by CRC 
cells remains unknown. 

We have recently evaluated FOXP3 
expression by tumor-infiltrating Tregs and 
CRC cells in patients affected by differ- 
ent stages of the disease (UICC I-IV) and 
investigated its long-term prognostic sig- 
nificance. 10 The analysis of CD4, CD25, 
FOXP3, IL-10 and TGF(3 expression 
profiles suggest that CD4 and CD25 are 
expressed to significantly higher levels in 



Correspondence to: Ana Maria Waaga-Gasser; Email: waaga-gasser@chirurgie.uni-wuerzburg.de 
Submitted: 03/27/13; Accepted: 04/02/13 

Citation: Grimmig T, Kim M, Germer C-T, Gasser M, Waaga-Gasser AM. The role of FOXP3 in disease progression in colorectal cancer patients. 
Oncolmmunology 2013; 2:e24521; http://dx.doi.org/10.4161/onci.24521 



www.landesbioscience.com 



Oncolmmunology 



e24521-1 



Foxp3* Treg 



naive T cell 




immunosuppressive 
cytokines 

t IL-10 4 

"-TOF-p''" 



Foxp3* CRC cell 




T cell activation 




effector T cell 



antitumor 
immune 
rest 



Figure 1. Impact of F0XP3 on oncogenesis and tumor progression. Immunosuppressive cytokines 
such as interleukin-10 (IL-10) and transforming growth factor Fj (TGFpi) released by either F0XP3 + 
regulatory T cells (Tregs) or F0XP3 + cancer cells inhibit the activation of naive T cells, hence limit- 
ing antitumor immune responses and favoring oncogenesis and tumor progression. 



early (UICC I/II) lesions than in advanced 
(UICC III/IV) tumors, while FOXP3, 
IL-10 and TGFfB appeared to be signifi- 
cantly downregulated in early, as opposed 
to advanced, neoplasms. 10 Additional anal- 
yses demonstrated an increased amount 
of CD4*, CD25 + , FOXP3 + , IL-10* and 
TGF(3* expressing cells in early tumors as 
compared with advanced lesions as well 
as non-malignant tissues. FOXP3* cancer 
cells were detected in 60 out of 65 CRC 
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would be capable to downregulate antitu- 
mor effector T-cell responses. The over- 
all survival of patients exhibiting low or 
high levels of tumor-infiltrating FOXP3* 
Tregs in comparison to that of patients 
displaying low or high FOXP3 levels on 
malignant cells suggested that FOXP3 
expression by cancer cells may constitute 
a prognostic factor. Indeed, CRC patients 
exhibiting high FOXP3 expression lev- 
els on cancer cells had a worse prognosis 
than patients with low FOXP3 levels. 
Conversely, no significant correlation was 
observed between the expression pattern 
of FOXP3 on tumor-infiltrating Tregs 
and prognosis. 10 

In conclusion, the expression of 
FOXP3 by cancer cells, resulting in the 
secretion of immunosuppressive cytokines 
such as IL-10 and TGF(3 into the tumor 
microenvironment, may allow them to 
evade effector T-cell responses and hence 
progress (Fig. 1). In addition, FOXP3 
expression by cancer cells appears as an 
independent prognostic factor for CRC 
patients. 
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